The effects of nitroprusside (380-760 ug/min) on the systemic venous return, the central blood volume and the equilibrium point between the venous return and cardiac output curves were studied in eight dogs using a right-heart bypass preparation at constant total blood volume. Experiments were performed before and after the production of acute left ventricular failure. During control, nitroprusside infusion shifted the venous return curve, with a reduction in its plateau (3.1 to 2.4 l/min;p < 0.005), the central blood volume fell (-2.4 ± 0.4 ml/kg; p < 0.05) and the cardiac output at equilibrium was reduced (3.1 to 2.4 1/min; p < 0.005). Cardiac failure (produced by acute coronary artery ligation) increased the central blood volume (+6.3 ± 0.6 ml/kg; p < 0.01), leading to a decrease in both the systemic blood volume and the plateau of the venous return curve (3.2 to 2.6 1/min; p < 0.003). The cardiac output at equilibrium was also reduced (3.2 to 1.9 1/min; p < 0.001). In this setting, nitroprusside infusion decreased the central blood volume (-7.4 ml/kg; p < 0.01), but the venous return curve was not altered. The cardiac output curve was markedly shifted upward due to reduced afterload on the failing left ventricle; however, in the absence of a downward shift of the venous return curve, the cardiac output at equilibrium increased from 1.9 to 2.6 1/min (p < 0.05). We conclude that
the differing effects of nitroprusside in acute cardiac failure are due primarily to an increased shift of blood from the central circulation in the failure state compared with the normal circulation. This shift counteracts the systemic venodilatation produced by nitroprusside and allows the markedly improved left ventricular function consequent to reduced afterload to be expressed as increased venous return and cardiac output.
VASODILATOR THERAPY, or afterload reduction, has an important role in the treatment of congestive heart failure.1-6 Several clinical and experimental studies have shown that in congestive heart failure nitroprusside increases the cardiac output while decreasing the left ventricular end-diastolic pressure and relieving pulmonary congestion.' 6 There is evidence that these improvements are not the same when oral nitrates are used, because the cardiac output may not be significantly increased,7-9 and when hydralazine alone is used, increased cardiac output may occur without relief of pulmonary congestion." Attempts have been made to explain the superiority of nitroprusside by a balanced action of this agent on the resistance and capacitance vessels,' but how such an action might explain opposite responses of the cardiac output in the normal and heart failure states has not been investigated.
Increased capacitance of the venous bed due to vasodilators has been shown in experimental animals,"," and vasodilators have been shown to decrease the forearm venous tone in patients with congestive heart failure." It has been suggested that a shift of blood from the central to peripheral circula-tion may occur;`4 however, this has not been critically or quantitatively examined, and in one study no change in the central blood volume was found during nitroprusside use in a patient with hypertension. 15 Thus, although the effects of vasodilators on cardiac output and preload (left-heart filling pressures) have been amply documented,'-6 some investigators suggested that nitroprusside can cause peripheral venous pooling and thereby a reduction in the venous return to the right heart.'6 While a mechanism involving decreased venous return during nitroprusside infusion might be operative in the relatively normal circulation, in which a reduction in cardiac output usually accompanies nitroprusside use," 17 it is clearly incompatible with the increased cardiac output generally observed during such therapy in patients with congestive heart failure,1 2 because a steady-state augmentation in the cardiac output must be associated with a commensurate increase in venous return. '8 Therefore, we examined the responses to nitroprusside infusion in the presence and absence of left ventricular failure and tried to determine the mechanism by which this drug improves the output of the failing heart, despite an increase in the venous capacitance and a decrease in cardiac filling pressures. ' We gave particular attention to the character of the venous return curves," the volume of blood in the central circulation,'9-21 and the shifts in this blood volume between the central and systemic circulations both in the normal and failure states.
Methods
Experimental data were obtained from eight mongrel dogs (mean weight 24 kg, range [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] kg) anesthetized with sodium pentobarbital (25 mg/kg i.v.). Ventilation was maintained by a Harvard respirator with oxygen-enriched room air (20 ml/kg). After a median sternotomy, the heart was suspended in a pericardial cradle. Figure 1 shows a schematic diagram of the preparation. A 3-mm i.d. steel cannula was inserted into the left ventricle through a stab incision at the apex and connected to a Statham P23Db strain gauge manometer. The frequency response of this cannula coupled to the manometer was flat to 100 Hz and gain was linear to 200 mm Hg. A micromanometer (Millar 5F Model PC340A) was introduced through the right femoral artery and its tip was located just above the aortic valve for measurement of central aortic pressure. A silastic rubber catheter (1.1 mm i.d.) was also introduced in the right atrium via the left mammary vein and connected to a Statham P23Db transducer calibrated at high gain (20 mm Hg full scale). Zero reference levels were taken at the level of the mid-right atrium. Hydrostatic errors in right atrial pressure measurements were determined at the end of each experiment by exposing the catheter tip in situ to atmospheric pressure. Necessary corrections to the recorded right atrial pressure, if any, were then made. An electromagnetic flow probe (Biotronex) was implanted around the aortic root and connected to a Biotronex BL 610 flowmeter; probe diameter was selected to give a satisfactory signal during diastole at low aortic pressures and to avoid significant baseline shift during transient changes in aortic pressure; the mean pressure gradient across the probe was less than 5 mm Hg. The frequency response of this system was flat (-3 dB) from 0-100 Hz, with a transit time of 6 msec and a linear phase shift of 1.9°/Hz.
The dogs were then placed on right-heart bypass. In brief, a wide-bore Bardic cannula (40F) with a multihole tip was introduced into the right atrium via the right atrial appendage and its tip advanced into the right ventricle. A 26F Bardic cannula was introduced E.M.F
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Heat ,' ,P Exchanger into the main pulmonary artery through the right ventricular outflow tract and secured with a tie around the pulmonary artery. The circuit (volume 350 ml) was primed with two-thirds dextran (MW 70,000 in 0.9% saline) and one-third Ringer's lactate. The entire venous return to the left heart was then assumed by a roller pump and measured by a Biotronex cannulaflow probe inserted in the external circuit. Dextran (50-70 ml) was infused to replace blood lost during surgery, and before collecting data the preparation was allowed to stabilize for 15 minutes at a right atrial pressure of 0-2 mm Hg.
All signals together with a standard ECG lead II were simultaneously recorded on paper and on FM magnetic tape for later replay at a paper speed of 100 mm/sec.
Control Measurements

Venous Return Curves
In eight dogs, the relation between the venous return to the right heart and the right atrial pressure was determined using a procedure modified after a method described by Guyton et al."1 In brief, starting from the control point (hemodynamic data obtained after stabilization at a right atrial pressure of 0-2 mm Hg and a mean left ventricular end-diastolic pressure of 9.4 ± 1.5 mm Hg), the speed of the roller pump was abruptly reduced or increased to a desired level and maintained there for 8-10 seconds. After the initial change in right atrial pressure, venous return to the right atrium responded reaching a new level and equilibrium between right atrial pressure and the venous return was rapidly achieved. At this transient equilibrium point, the output of the venous pump (measured with a flowmeter) equaled the venous return. During this brief period, significant vasomotor reflexes had not yet occurred," as evidenced by a con- Millar A Micromanometer 329 stant heart rate. In addition, pump output changes during this period had little effect on release or trapping of blood in the lungs; the increases or decreases in central blood volume during the transient period were less than 1 ml/kg and of the same magnitude in all the maneuvers studied. Changes due to alterations in right-sided pump output should have been similar in our preparation to those in Guyton's transient method, which was shown to produce venous return curves similar to those in the isolated circulation."' Between each such measurement the pump speed was returned to the control level, and additional points were determined only when the right atrial and the left ventricular end-diastolic pressures had restabilized at their previous control levels (generally after 1.5-3 minutes). At least five points on the descending portion of the venous return curve and two points high on the venous return curve at right atrial pressures below 0 mm Hg were determined in each dog. It was found in obtaining the latter two points on the plateau of the venous return curve (fig. 2) that it was not possible to augment the pump output further even at more negative right atrial pressures, because the venous system cbllapses; i.e., the cardiac output is now limited by the amount of venous return." No attempt was made to directly determine the mean systemic pressure, which is a measure of the degree of filling of the systemic circulation at any given time. '2 22 Instead, the linear portion of the venous return-right atrial pressure relation was extrapolated to zero venous return to provide a reasonable approximation of this variable"' 23 shown that the absence of a collapsible tube in the circuit does not quantitatively modify the results but could displace the junction between the linear portion and the plateau of the venous return curve. This artifact, caused by the transmission of pulsatile waves from the pump backward to the right atrium, was minimized by interposing the heat exchanger between the roller pump and the right atrium.
Cardiac Output Curves of the Left Ventricle
After recording the venous return curve, the cardiac output curve was determined by obtaining measuremdnts of flow and left ventricular end-diastolic pressure at three to five different levels of venous return, each point being obtained after 2 minutes in the steady state.
Nitroprusside Infusion Before Heart Failure
With the preparation stable at the control point, nitroprusside was infused in six dogs in a dose (380-760 gg/min) sufficient to produce a sustained decrease in mean aortic pressure, averaging -30 mm Hg. When a steady-state level of mean aortic and left ventricular end-diastolic pressures was obtained, the venous return curve and the cardiac output curve were repeated as described above.
During the transient periods of decreases in mean aortic pressure, the venous return and the aortic blood flow were continuously recorded, and by subtracting the aortic flow from the venous return flow, the shift in the volume of blood contained between the pulmonary artery and aorta (central blood volume) was computed as previously described. 24 25 Briefly, this approach is based on the assumption that, during a steady state, the amount of blood entering the lungs is equal to the 300T0 * CONVTROL o AIITROPRUSSIDE (n=6) amount of blood leaving the left ventricle. Small amounts of flow (bronchial and coronary flows) are not detected by the flow probes, but the changes in these flows were probably small, and the effects of these two flows tend to cancel one amother. 26 Because the validity of the computation is dependent upon the stability of the gain and of the zero flow levels of the two flow transducers, the reproducibility of the equilibrium between the two signals was checked at the different steady states in each dog and found to be within ± 0.2%; i.e., there was a maximum cumulative error of 4 ml/min at a cardiac output of 2000 ml/min.
Heart Failure Produced by Coronary Occlusion
After recording control data and the responses to nitroprusside in five dogs, and in two additional dogs directly after recording the control data, the left anterior descending artery was abruptly occluded after premedication with lidocaine (2 mg/kg i.v.). During the ensuing period it was generally necessary to decrease the speed of the roller pump to avoid acute cardiac dilatation and to achieve a new steady state with left ventricular end-diastolic pressure averaging approximately 10 mm Hg higher than control. At this new steady state, the venous return and cardiac output curves were then determined. Similarly, changes in central blood volume during the transient period were computed by continuous subtraction of the two flow signals.
In these seven dogs with coronary occlusion, nitroprusside (380-760 ,ug/min) was then infused and the venous return and cardiac output curves and the central blood volume were measured in the same way as during the control nitroprusside infusion. In all dogs, total peripheral resistance was calculated by the following formula: (mean aortic pressuremean right atrial pressure)/mean aortic flow, and expressed in dyn-sec-cm-5.
Statistical analysis of the data was performed by paired t test, and results having ap value less than 0.05 were considered significant.
Results
Relations Between Right Atrial Pressure and Venous Return Before and During Nitroprusside Control Conditions (Without Cardiac Failure)
The averaged venous return curves obtained under control conditions before and during nitroprusside infusion for six dogs, normalized to an average weight of 20 kg, are illustrated in figure 2. Nitroprusside infusion caused a significant downward displacement of this relation (absolute average values [+ SEM] for the plateaus from 3100 + 300 to 2400 + 280 ml/min; p < 0.005), and the extrapolated mean systemic pressures fell (from 8.3 ± 0.9 to 7.2 ± 0.8 mm Hg; p < 0.05). There were no significant changes in the slopes of the linear portions of the curves (489 + 52 to 516 ± 59 ml/mm Hg; NS).
Cardiac Failure
After the increase in left ventricular end-diastolic pressure due to coronary occlusion, and reduction of pump output, the position of the venous return curve was also below control, as shown in figure 3 (absolute values from 3200 + 365 to 2550 ± 321 ml/min; p < 0.003, n = 7), and the estimated mean systemic pressure also fell from 9.3 ± 0.8 to 7.6 ± 0.8 mm Hg (p < 0.005) without change in the slope of these relations (464 ± 50 and 521 ± 82 ml/mm Hg; NS).
As shown in figure 3 , when nitroprusside was infused in these seven dogs after coronary occlusion, there was no change in either the plateau of the curve (2550 ± 320 to 2580 ± 270 ml/min; NS) or the mean systemic pressure (7.6 ± 0.8 to 7.3 + 0.7 mm Hg; NS); the slopes also were not different (521 ± 82 to 535 ± 76 mm Hg-1; NS).
Also, in the five dogs in which nitroprusside infusion was performed both before and after coronary occlusion, significant differences were not observed between the two venous return curves.
Changes in Left Ventricular End-diastolic Pressure and the Central Blood Volume
Control Conditions
Nitroprusside infusion during control conditions decreased left ventricular end-diastolic pressure from 9.5 + 1.6 to 4.5 ± 1.5 mm Hg (p < 0.002), and the central blood volume fell; when the new steady state was reached, 2.4 ± 0.5 ml/kg of blood had been shifted from the central to systemic circulations (p < 0.05, compared with the theoretical maximal cumulated error during the same period, i.e., -1.0 ± 0.03 ml/kg).
Cardiac Failure
After coronary occlusion, left ventricular enddiastolic pressure increased from 9.5 ± 0.9 to 19.7 ± 2.0 mm Hg (p < 0.003), and 6.3 ml/kg (p < 0.01) of blood shifted from the systemic circulation into the central circulation between the control and failure states.
Nitroprusside infusion after coronary occlusion decreased left ventricular end-diastolic pressure to 9.5 i 0.9 mm Hg (p < 0.0003), and the central blood volume fell by 7.4 i 1.3 ml/kg (p < 0.01).
Left Ventricular Function Curves and Equilibrium Points
Between the Cardiac Output and Venous Return Curves Figure 4 illustrates a representative experiment showing the curves relating cardiac output and left ventricular end-diastolic pressure before and after coronary occlusion, and the effects of nitroprusside. Coronary occlusion consistently produced a shift of the function curve downward and to the right (curve A to C); nitroprusside both before and after coronary occlusion shifted the curves upward and toward the left (A to B, C to D). Figure 5 provides a schematic analysis of the rela- RIGHT ATRIAL PRESSURE mmHg 5A , points A, to B1). The trend illustrated in figure 5 was observed in all six dogs, and average hemodynamic data at the equilibrium points in all dogs is summarized in table 1. After coronary occlusion ( fig. 5B ), the left ventricle was unable to maintain an output equal to the plateau of systemic venous return, and the right atrial pressure increased to reach an equilibrium between the systemic venous return and the left ventricular output (point C); in our controlled experimental setting, this was accomplished by reducing the speed of the roller pump. Nitroprusside infusion under these conditions markedly shifted the cardiac output curve upward, and because the venous return curve was unchanged at equilibrium, a substantial rise in the cardiac output occurred (points C to D). A marked shift upward of the left ventricular function curve occurred during nitroprusside, and the cardiac output was higher at a considerably lower filling pressure ( fig. SB, C1 to D1). Average equilibrium points in all seven dogs are shown in table 1.
The relations between cardiac output and venous return schematized in figure 5 were observed in all dogs during control and in five of the seven dogs after coronary occlusion. In the remaining two dogs (not illustrated), the left ventricular depression was less pronounced, and equilibrium points before and after nitroprusside were at the plateau of the venous return curve. Thus, both during control and in the failing heart the venous return was the limiting factor of the cardiac output in all dogs during nitroprusside infusion; during failure, cardiac output at this new equilibrium point was increased in five dogs and unchanged in two. The average increase in cardiac output in the failing heart for the whole group was +600 ml/min (p < 0.05), and significant decreases in mean aortic pressure and in left ventricular systolic and enddiastolic pressure also occurred (table 1).
Discussion
The concept that peripheral factors are as important as cardiac factors in the regulation of cardiac output was discussed by Starling in 189527 and recently has received extensive and quantitative confirmation from the studies of Guyton and co-workers', [18] [19] [20] [21] Vasodilators now have an important role in the therapy of acute and chronic congestive heart failure, and the effects of these agents on arterial impedance, cardiac filling pressures, and ventricular performance have been investigated extensively.' 6, 28 However, their effects on the systemic venous circulation and the consequent role of the venous bed in regulating the cardiac output in the absence and presence of heart failure have not been quantitatively explored, and the aim of the present investigation was to apply the general approach of Guyton to this problem.
The method used herein to measure venous return is a modification of one previously used by Guyton and co-workers to determine venous return curves in openchest dogs." In the present study, instead of suddenly changing the right atrial pressure and measuring the resulting venous return, venous outflow was abruptly altered and held constant and the right atrial pressure was measured as it reached the new equilibrium point. The striking similarity between the venous return curves thus obtained and those reported in dogs11 23, 29 make it likely that the two experimental approaches provide comparable data. In all methods that use transient responses to determine the venous return curve, some blood is unavoidably trapped within or released from the pulmonary circulation during the 8-10second study period, which could modify the mean systemic pressure and the venous return. However, this volume was shown to be small (< 1 ml/kg) and of similar magnitude during the various interventions. Moreover, it has been previously shown that venous return curves determined either in the steady state or by the transient method are identical in areflexic dogs," further supporting the use of the approach. The fact that relatively small changes in blood volume can produce marked reductions in venous return raises the question of artifactual changes due to spontaneous bleeding and/or to fluid shifts into the extravascular spaces during the course of the study.'0 Significant bleeding was prevented by careful homeostasis during surgery; moreover, changes in total blood volume sufficient to bias our conclusions did not appear to occur during the time of data collection (120 minutes) for the following reasons: 1) In the five dogs in which nitroprusside was infused both in the control period and after coronary occlusion, the two venous return curves during nitroprusside infusion were identical; if significant changes in total blood volume had occurred, the increase in venous capacitance produced by the same dose of nitroprusside should have resulted in a lower venous return at the end of the experiment during the second infusion. 2) In two dogs, the time between control studies and coronary occlusion was deliberately reduced by eliminating the control nitroprusside infusion; the control venous curve and that during acute heart failure were performed within less than 30 minutes of each other, and the results were identical to those observed in the other dogs.
When nitroprusside was infused in the absence of heart failure, mean systemic pressure fell and the systemic blood volume increased only slightly. Nitroprusside markedly increases the capacitance of the systemic bed, particularly on the venous side,"3 suggesting that the amount of blood transferred from the central circulation to the systemic bed was smaller than the increase in systemic venous capacitance. In under such circumstances, the cardiac output (after a transient increase reflecting the small transfer of blood from the lungs) should decrease below control because venous return is the factor limiting cardiac output under normal conditions.18 This was found to be the case; the observed shift downward of the venous return curve and the fall in cardiac output when vasomotor tone was reduced by nitroprusside resembled the response previously reported when venomotor tone was altered by ganglionic blockade together with a decreased rate of epinephrine infusion.'1' 12, 30, 33 The responses we observed in cardiac output and filling pressures are similar to those observed in patients with heart disease who do not have elevated left-heart filling pressures.' The response is also similar to that in some normal patients with nitroprusside administration, although when the reflexes are intact the cardiac output sometimes increases. Such circulatory effects of nitroprusside in the normal circulation are characterized by strong secondary neurogenic and humoral responses, with persistent tachycardia in dogs34 and an increase in heart rate and plasma catecholamine concentrations in patients. 35 Thus, in the normal circulation, marked reflex responses can come into play which tend to restore the venous return, cardiac output and the aortic pressure toward normal. 34 Other effects of nitroprusside include direct vasodilation of the pulmonary vasculature,'2 which may also play a role in observed hemodynamic responses.
With the production of acute heart failure, the systemic blood volume fell because blood was translocated from the systemic vascular bed into the pulmonary circulation and left heart, as pointed out in other analyses of acute left-heart failure.'9' 20 We reduced pump flow and cardiac output in order to prevent cardiac overdistension, but a fall in the cardiac output also occurs during acute heart failure in the uncontrolled circulation.20 That a significant amount of blood is trapped in the pulmonary circulation during acute heart failure has been previously shown by Lindsey et al.,2' who demonstrated an increase in central blood volume from 10.3 ml/kg to 17.5 ml/kg after 3 minutes of major left-heart failure. Evidence of s.tress relaxation in the pulmonary circulation36 suggests that this volume could increase with time. In our study, a mean of 6.3 ml/kg of blood was displaced from the systemic circulation into the central circulation during heart failure. Previous studies by Guyton et al. 12 Harlan et al.22 , and Drees and Roth30 have shown that such a loss of blood from the systemic circulation significantly decreases the mean systemic pressure and the venous return. In the normal circulation, carotid sinus baroreceptor reflex activity can significantly reduce the venous capacitance and compensate for a hemorrhage of 7.5-10 ml/kg;3'0 37 ventricular afferent fibers also may be stimulated during coronary occlusion and cause increased sympathetic tone. 9 already near maximal,39 and it seems likely that the changes in the position of the venous return curve during acute heart failure were due largely to the shift in blood volume to the central circulation.
When nitroprusside was infused in the presence of left ventricular failure during the transient period as the aortic pressure fell, the left ventricular stroke volume increased while the ventricular end-diastolic pressure decreased; when the new steady state was reached, approximately 7.4 ml/kg of blood had been transferred from the central circulation to the systemic circulation. No significant changes in the venous return curves or the mean systemic pressure were observed, indicating that the amount of blood shifted from the central circulation was roughly equal to the increase in systemic venous capacitance produced by nitroprusside. This lack of effect on the venous return curve allowed a steady-state increase in the cardiac output.
Clinical Implications
This experimental preparation represents an artificial, controlled setting for studying the circulatory effects of acute left ventricular failure and the actions of nitroprusside, and extrapolations to the clinical setting of heart failure, therefore, should be made with caution. This applies in particular to the setting of chronic left ventricular failure, in which the venous return curve may be displaced upward and to the right,18' 19 although even under such circumstances the responses to nitroprusside could be similar to those we observed. The experimental findings reported might have particular relevance, however, to the condition of acute left ventricular failure in man, as may occur after acute myocardial infarction.
The fact that administration of nitroprusside to patients with relatively low left-heart filling pressures after acute myocardial infarction can cause a fall in the cardiac output has been well documented.1 Based on our observations, this response can be largely explained by the lack of a sufficient shift in blood volume from the undistended central circulation and left heart to the peripheral circulation to compensate for the venodilator action of nitroprusside. Under such circumstances, other adverse effects, such as reflex tachycardia, can also occur. In acute heart failure in man, if the shift in blood volume from the central to the peripheral circulation during nitroprusside infusion is similar in magnitude to the increase in systemic capacitance produced by this agent, an explanation is provided for the opposite effect, a rise in the cardiac output, which has been observed in such patients.1' 3 17 This lack of shift of the venous return curve was associated with a marked upward shift in the function curve of the left ventricle, which led to the increase in cardiac output.
There may be other causes for the differences between the normal and failing circulations. The unloading of the failing heart appears to have a more dramatic effect on its pump function than on the normal ventricle.1' 40 As illustrated in figure 4 , the failing ventricle was working at a high end-diastolic pressure on a flat ventricular function curve, and the steep diastolic pressure-volume curve allowed relatively small reductions in ventricular volume (with correspondingly small effects on the Frank-Starling mechanism) to be associated with large decreases in the filling pressure.41 In addition, there is evidence that an apparent "descending limb" of the function curve in heart failure can be due to excessive afterload. 40 42 In recent studies we have shown that unloading of the ventricle by nitroprusside can be explained by a decrease in the afterload, defined as the left ventricular wall stress during systole, which is determined both by the aortic input impedance and by geometrical factors. 28 In acute heart failure, by markedly reducing the wall stress, nitroprusside allows the ventricle to improve its stroke volume and to function at a lower enddiastolic volume. Because in acute cardiac failure the pumping ability of the heart was usually the limiting factor for cardiac output, in contrast to the normal situation in which the venous return was limiting, the lack of a downward shift in the venous return curve during nitroprusside administration in heart failure allowed the markedly improved pumping ability of the left ventricle produced by systolic unloading to be expressed as an increase in the cardiac output ( fig. 4 ).
The fact that the ventricle can achieve a higher cardiac output when nitroprusside is used in heart failure leads to a smaller decrease in aortic pressure than occurs under normal conditions, despite a substantially greater decrease in the calculated total peripheral resistance (table 1) . These responses should produce a reduced change in baroreceptor activity and less marked reflex responses in patients with heart failure than under normal conditions. Moreover, the documented reductions in the gain of highand lowpressure baroreceptors in heart failure43' 4 may be contributory. Such conclusions are consistent with the minimal change in heart rate1' 3 and the decrease in plasma catecholamine concentrations that have been observed with nitroprusside therapy in patients with heart failure. 35 
